Scope: The impact of meat consumption on human health is widely examined in nutritional epidemiological studies, especially due to the connection between the consumption of red and processed meat and the risk of colon cancer. Food questionnaires do not assess the exposure to different methods of meat cooking. This study aimed to identify biomarkers of the acute ingestion of bovine meat cooked with two different processes. Methods and results: Non-targeted UPLC-MS metabolite profiling was done on urine samples obtained from 24 healthy volunteers before and 8 h after the ingestion of a single meal composed of intrinsically 15 N labelled bovine meat, either cooked at 55°C for 5 min or at 90°C for 30 min. A discriminant analysis extension of independent components analysis was applied to the mass spectral data. After meat ingestion, the urinary excretion of 1-methylhistidine, phenylacetylglutamine, and short-and medium-chained acylcarnitines was observed.
Introduction
The consumption of red meat has been associated to chronic diseases [1, 2] and especially colorectal cancer risk [3, 4] through epidemiological studies. The components which could be involved are heme iron and saturated fatty acids which are abundant in meat. [5] However, it was reported that processed but not unprocessed meat increased the risk of colorectal cancer, [6] diabetes, [7, 8] and heart diseases. [9] Thermal processing of meat leads to some undesirable changes due to lipid and protein oxidation, which are considered to have a negative impact on health. [10] We previously showed that intense cooking moderately decreased protein digestibility in humans [11] and in rats, [12] resulting in an increased amount of undigested proteins reaching the colon. Because proteins are fermented in colon by microbiota, leading to undesirable molecules such as p-cresol, hydrogen sulphide, ammonium, or nonharmful molecules such as branchedchain fatty acids, a difference of digestibility could generate differences in the metabolome.
Several metabolomic trials have been conducted to identify biomarkers of meat intake. They have reported only limited correlation [7, [13] [14] [15] or no correlation [16, 17] between meat intake and changes in plasma profile. Nevertheless, several potential urinary markers of meat consumption have been identified including creatinine, creatine, carnitine, acetylcarnitine, taurine, 1-methylhistidine (1-MH), and 3-methylhistidine. [18] [19] [20] [21] [22] [23] All these compounds are present in meat and excreted in urine resulting in higher urinary concentrations under a meat-containing diet. Most of them, except 1-MH are also synthesized in the human body and may present important variations according to the sex and age, [24, 25] and their excretion may depend on dietary factors other than meat consumption.
Additionally, considerable research has been devoted to identification of metabolites associated with meat cooking processes. Numerous heterocyclic aromatic amines (HAA) are found to be excreted after meat ingestion as glucuronide conjugates.
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The objective of our study was to identify urinary metabolic markers induced by beef meat ingestion, in relation to cooking process. For this purpose, we analyzed the urinary metabolome of healthy volunteers who ingested a single test meal composed of 15 N labelled beef that was cooked at a low temperature for a short time to obtain a rare meat (RM), or cooked at a high temperature for a long time to obtain a fully cooked meat (FCM), resulting in different true ileal digestibility. [11] 2. Experimental Section
Materials
The authentic standards of acetylcarnitine and 1-methylhistidine were purchased from Sigma-Aldrich (Saint Quentin Fallavier, France), 3-hydroxybutyrylcarnitine and phenylacetylglutamine from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). All aqueous solutions were prepared using purified distilled water from Millipore Milli-Q system. All organic solvents were LC-MS grade from Sigma-Aldrich. Maxi-Clean 900 mg Lg-Pore C 18 solidphase extraction columns were obtained from Grace (Epernon, France).
Study Design
The intervention study has been described in detail previously. [11] The study was approved by the Ethical Committee of St-Germainen-Laye Hospital (St-Germain-en-Laye, France) and was registered at www.ClinicalTrials.gov (NCT01685307). The eligibility criteria were: negative serology for HIV, AgHbS, and HCV; absence of any pathology; absence of pregnancy or contraception for women; 18 < BMI < 30; and 18 < age < 50 years.
The study was single blinded and was conducted following a two arms parallel design at the Human Nutrition Centre of the Avicenne Hospital (Bobigny, France). Twenty-four volunteers were recruited; their characteristics are presented in Table 1 . Subjects were alternately allocated to one of the two groups (RM or FCM) in order to avoid any random effect due to the season (such as the usual diet of the volunteer). However, during the last phase of the study, the sex, age, and BMI were used as criteria to balance the groups.
Test Meals
The protein test meal consisted of 120 g of uniformly and intrinsically 15 N-labeled bovine meat enriched at 1.02 atom percent excess (APE). Meat was cooked in a steam oven either at 55°C for 5 min, to obtain RM or at 90°C for 30 min to obtain FCM at the ADIV (technical center for the meat sector, Clermont-Ferrand, France), minced, vacuum packed, and stored at −20°C until use. On the morning of the experiment, after fasting overnight, subjects ingested either RM or FCM. During the following 8 h, they only drank 100 mL of water hourly. Urines were collected before and 8 h after the ingestion of meat. 
Urine Sample Preparation
The urine samples were collected after an overnight fast and 8 h after meat ingestion and immediately frozen at −20°C. Urine sample aliquots were then thawed and used for solid-phase extraction. Maxi-Clean 900 mg Lg-Pore C 18 columns (Grace) were preconditioned with 3 mL of acetonitrile and 3 mL of ultrapure water. One mL of urine was added on the column, followed by 1 mL water wash. The metabolites were then eluted with 3 mL of acetonitrile. The eluate was transferred to a sealed glass autosampler vial for injection onto the LC-MS/MS instrument. Samples were stored at 4°C if used within 1-2 d but otherwise kept at −20°C. The metabolic profiling was carried out in November 2014. The supplementary analyses, namely, MS-MS analysis were done later. SPE was applied to the samples in order to purify the urine of the polyethylene glycol (PEG) used to determine intestinal flow rates. [11] Although non-absorbable, some PEG was recovered in urines thus resulting in a strong signal contamination which was almost completely eliminated after SPE treatment. During the method development, we analyzed both aqueous and organic SPE phases in order to check the possible loss of metabolites during the purification process. In the aqueous phase, we could only detect the peak corresponding to a PEG, no other polar compounds being detected in this phase. No other polar metabolites, other than those detected in the organic phase, were identified. The absence of interference from the solvents used for SPE was verified by running the blank sample (Supporting Information Figure 1 ).
Quality control (QC) samples were prepared using a urine pool prepared by combining small aliquots of all samples. Analytical samples were analyzed in random order, interspersed after every 12 injections with QC sample and blank (acetonitrile:water, 50:50 v/v) injections to monitor instrument performance and sample stability.
Urine Metabolite Profiling
UPLC-HRMS analysis was performed on an Acquity H-Class system coupled to a Q-TOF Synapt G2 Si instrument (Waters Corporation, Milford, MA). Analytes were separated on an Acquity CSH C18 column (2.1 × 100 mm; 1.7 μm bead size; Waters). Column temperature was 35°C and the eluents A and B were 0.01% formic acid in water and 0.01% formic acid in acetonitrile, respectively. The gradient was run at 0.4 mL min −1 and consisted of an isocratic elution for 0.5 min of 5% B, and then B was increased at a linear rate to 95% at 10 min, then re-equilibrated for 1 min www.advancedsciencenews.com www.mnf-journal.com with 5% B, and held at 5% B until 16 min. Injection volume was 1 μL. The MS data were collected from 50 to 1100 Da in electrospray positive ionization mode (ESI + ) using leucine-enkephalin as a lock mass to correct mass accuracy. The MS spectra were recorded in the centroid mode at 0.2 s scan −1 . MS/MS experiments were performed on selected [M+H] + ions and collision induced dissociation (CID) parameters are reported in Table 2 .
15 N labelling Analysis
Measurements of 15 N enrichments were performed using UH-PLC RSLC U3000 system coupled to LTQ-Orbitrap-XL mass spectrometer (Thermo Fisher Scientific, Villebon-sur-Yvette, France). Analytes were separated using an Atlantis T3 column (3 × 150 mm; 3 μm bead size; Waters). Column temperature was 40°C and the eluents A and B were 0.01% formic acid in water and 0.01% formic acid in acetonitrile, respectively. The gradient was run at 0.5 mL min −1 and consisted of an isocratic elution for 1 min of 5% B, and then B was increased at a linear rate to 95% at 15 min, and held at 95% of B for 1 min. The B was decreased to 5% and held at 5% B until 20 min. Injection volume was 2 μL. The MS data were collected from 50 to 350 Da in ESI + mode and acquired at high resolution (full width at half maximum [FWMH] 100 000). Xcalibur 2.3 software was used for mass data acquisition. The results are expressed as mole percent excess (MPE). The relationship between MPE and APE is: MPE = n × APE where n is the number of N atoms in the molecule.
Data Processing
Raw data from Synapt G2 Si were preprocessed using MarkerLynx (MassLynx V4.1, Waters) to obtain a list of detected features, characterized by m/z and retention time (R t ). An extracted ion chromatogram (EIC) window of 0.03 Da, an intensity threshold of 500 counts, a noise elimination level (standard deviation above www.advancedsciencenews.com www.mnf-journal.com background) of 8, and a retention time window of 0.2 min were used. Isotope peaks were removed by MarkerLynx.
Integrated peak areas for the detected features were then transferred to Matlab version 7.6.0 (Mathworks Inc.) for chemometrical evaluation of the data. Features present in blank samples with intensities greater than 1/10 the mean intensity of all features as well as those absent from QC samples were excluded from the data matrix. The obtained features were normalized across the samples using probabilistic quotient normalization (PQN) [29] based on the median of the QC signals and concatenated rowwise into a data matrix.
The identification of the biomarker candidates was accomplished by exact mass measurement and comparison of MS/MS spectra with authentic standards and/or earlier published data or by searching databases (Metlin, Human Metabolome Database, KEGG).
Data Analysis
Independent components-discriminant analysis (IC-DA) was applied to the data in order to extract the characteristic source signals. [30] Independent components analysis (ICA) is a method of blind source separation (BSS). [31] ICA assumes that each row of the data matrix is a weighted sum of source signals, the weights being proportional to the contribution of the corresponding source signals to the mixture in that particular row. ICA aims to extract these sources, underlying the observed signals, as well as their proportions in each mixture. The general model can be described as
where X is the matrix of experimental data with n rows (the observed signals) and m columns (the data points in the observed mixed signals). A is the n × k matrix of proportions for k ICs. S is the k × m matrix of independent source signals (ICs).
IC-DA as used in this study is an extension of ICA [31] [32] [33] inspired by the work of Gustafsson [34] who proposed to orient the extraction of the signals in the matrix, X, by concatenating it column-wise with a vector, y, characterizing the samples, and then performing ICA on the [X||y] matrix. In the case of IC-DA, the matrix of observed signals, X, is concatenated with a weighted binary-coded group membership matrix, corresponding to the information about the predefined groups of samples, as a means to orient the extraction of signals toward those that discriminate the predefined groups of samples.
The main advantage of ICA over principal components analysis (PCA), and therefore of IC-DA over other multivariate discriminant methods such as partial least squares-DA (PLS-DA), is that it aims to extract easily interpretable source signals. The Bcoefficients vectors from a PLS-DA analysis result from the combination of several sources which makes the detection of explanatory features more difficult. Monakhova et al. have demonstrated the superiority of standard ICA over PCA [35] and even over LDA, FDA, SIMCA, and PLS-DA. [36] The adaptation of ICA presented here orients the extraction of the most interesting ICs, without modifying their structure.
The optimal numbers of ICs for IC-DA model is determined as being the number that maximizes the F-value associated with the Wilks' lambda characterizing the discrimination of the predefined groups based on the calculated proportions A.
New proportions, A X , for the ICs are then calculated using only the MS data (X) part of the extracted signals in order to determine whether the MS signals extracted by IC-DA (S X ) are alone able to separate the samples into the predefined groups.
Permutation tests were then used to verify the validity of the observed discriminant models.
ICA was performed using the JADE algorithm. [32, 33, 37] All calculations were performed using Matlab version 7.6.0 (Mathworks Inc.).
Results

IC-DA of Urine Samples After Meat Intake
First, we performed the IC-DA data analysis on all studied samples, separated in two groups: "before meat intake" (n = 24) and "8 h after meat intake" (n = 24), the latter includes all the samples whatever the cooking process applied to meat. The optimal number of ICs to separate these two groups was found to be three. The spectral data part, S X , of the extracted source signal of the first independent component (IC1) calculated using X, the spectral part of the [X||y] matrix, gave proportions, A X , that discriminated between the groups "before meat intake" and "8 h after meat intake," as can be seen in the proportions plot, (Figure 1A) . A similar discrimination of the groups was observed for the proportions for IC3 ( Figure 1B ) when applying ICA only to the spectral matrix. The inclusion of the scaled binary-coded matrix, Y, has simply oriented the extraction of the source signals toward those that characterize the groupings coded into Y.
The predictive performance of this IC-DA model was tested by group permutations and the F-distribution of the Wilks' lambda distribution. The F-value obtained for the true groups is much higher than all the F-values calculated for the permuted groups, thus confirming the validity of the model ( Figure 1C) .
A QQ-plot was used to visualize the importance of the contributions of the variables to IC1, the most relevant variables for the separation of groups being those with contributions beyond +/− three times the standard deviation of the IC1 vector (Supporting Information Figure 2) .
Boxplots representing the range of signal intensities for those features determined as contributing significantly to IC1 were traced for each group (Figure 2A-F) . Only the features related to the group "8 h after meat intake" were chosen for further identification.
Identification of Features Related to Meat Intake
IC-DA revealed 13 features characteristic of a recent meat intake. The detailed information on each m/z is reported in Table  2 . From these 13 features, 4 metabolites were identified by comparing their retention times and MS/MS spectra with commercial standards (Supporting Information Figures 3-6) Figure 1 . Proportions plot after signal extraction using IC-DA. A) Discrimination based on the concatenation of the spectral matrix, X, with the scaled binary-coded matrix, Y. Note the separation of groups "before meat intake" and "8 h after meat intake" due to IC1. B) Discrimination based only on the spectral part, S X , of the extracted source signals without the contribution of the prior grouping information. A separation is still observed between the groups "before meat intake" and "8 h after meat intake" along the IC3. C) Histogram showing the values of F-distribution calculated for real (stem) and random groups (bars) based on 999 random group permutations. Note that the F of the real groups gives a much higher value, well separated from those for the permuted groups.
Figure 2. A-F): Relative signal intensities before and after meat ingestion of six annotated compounds associated with meat intake. p-value is indicated on each graph (Student's paired t-test).
ions (m/z 145.050) was a fragment of another one that was identified by a commercial standard (m/z 204.123). Two metabolites were tentatively annotated based on the elemental composition and determination of their MS/MS fragments (Supporting Information Figures 7 and 8 ). Four other compounds could not be identified despite clear MS/MS fragmentation patterns. For three components, no MS/MS data could be obtained even when applying high CID energy, suggesting that they are ionized as very stable adducts (Table 2) . Among the compounds associated with the group "8 h after meat intake," four are identified as acylcarnitines (AC), namely, acetylcarnitine (C 2 ), 3-hydroxybutyrylcarnitine (C 4 -OH), C 6 -DC carnitine, and suberylcarnitine (C 8 -DC) and two are derivatives of amino acids: phenylacetylglutamine and 1-methylhistidine. [23] 
IC-DA on Different Types of Meat Cooking
To determine the effect of meat cooking on the metabolites, the differences were calculated between the spectra of the urines sampled before and 8 h after meat ingestion. These difference www.advancedsciencenews.com www.mnf-journal.com Here the X matrix is the difference between spectra before and after ingestion for each individual. Note the separation of the group "RM" and "FCM" along the IC1. B) Histogram showing the values of F calculated for real (stem) and 999 random groups (bars). Note the overlap of the real F with those of the permuted groups with a calculated probability of 60% that the separation is randomly determined. C) Discrimination based only on the spectral part, S X , of the extracted source signals without the contribution of the prior grouping information. A separation is not observed between the groups "RM" and "FCM" along the IC1. spectra were divided into two groups: "RM" (n = 12) and "FCM" (n = 12). After source signal extraction by IC-DA with two ICs, the proportions calculated from the spectral part of IC1 for the groups "RM" and "FCM" were partially separated ( Figure 3A) . However, the test by group permutation revealed an overlap of the F-values for the real and permuted groups reflecting a low level of significance (empirical probability of 38%, based on 1000 permutations) for the discrimination ( Figure 3B ). Moreover, no discrimination of the groups was observed for the proportions for IC ( Figure 3C ) when applying ICA only to the spectral matrix. Thus, it is concluded that this data cannot distinguish the groups of different cooking processes.
Nitrogen Labelling
The originality of this work is that the meat used for the test meal of the study was intrinsically labelled with 15 N. As all the identified metabolites associated with meat intake are nitrogencontaining molecules, it was possible to verify whether these metabolites were labelled. 15 N labelling tended to be detected in six identified metabolites. Suberylcarnitine and C 6 -DC carnitine showed spectral intensity too low for their isotopic pattern to be determined. For 1-MH, PAG, acetylcarnitine, and 3-hydroxybutyrylcarnitine the isotopic patterns were recorded. The enrichments were determined via the respective abundances of the 13 C and 15 N contributions of each urine metabolite as compared to those of non-labelled analytical standards, as shown for 1-MH in figure  (Figure 4A, B) . 15 N labelling was detected in 1-MH at a level of 1.14 ± 0.60 MPE (0.38 ± 0.2 APE), PAG at a level of 0.64 ± 0.47 MPE (0.32 ± 0.23 APE), and acetylcarnitine at a level of 0.56 ± 0.18 MPE (0.56 ± 0.18 APE), thus confirming their origin from ingested meat. No labelling was detected in 3-hydroxybutyrylcarnitine. 
Discussion
In the present study, an UPLC-HRMS non-targeted metabolite profiling was used to try to identify a panel of biomarkers indicative for the recent bovine meat intake and for the cooking process applied to the meat. Although biomarkers were identified for the recent bovine meat intake, no differences could be detected on www.advancedsciencenews.com www.mnf-journal.com the metabolomics level regarding the cooking process (moderate or intensive) applied to the meat. The seven metabolites identified as associated with meat intake represent two pathways: acylcarnitines and amino acids. Interestingly, the use of 15 N labelled meat permitted to confirm the provenance of potential urinary biomarkers from the ingested meat.
Acylcarnitine Compounds
Four short-and medium-chain acylcarnitines were identified in urine samples at highly elevated levels following the meat intake. AC are esters derived from the reaction of carnitine with fatty acids. They are of crucial importance in β-oxidation of fatty acids because they enable the transfer of long-chain fatty acids through the mitochondrial membrane. Carnitine is synthesized in the liver, kidney, and brain from lysine and methionine. Besides endogenous synthesis, carnitine is also provided in the diet in substantial amounts by animal proteins and red meat is regarded as one of its richest sources.
In the plasma, the highest concentrations of medium-chain AC were reported in groups of meat eaters. [15] However, their accumulation may interfere with other foods: for instance, higher AC levels are found in plasma of consumers of western type diet that is characterized by high intake of processed meats, desserts, and sweets, and low intake of fruits and vegetables. In this case, the correlation of individual AC was strong with high sweets and low fruits consumption, and not with animal protein. [40] At the urinary level, it has been shown that acetylcarnitine excretion was specifically correlated with high meat content diets [19, 41] and its excretion may be significantly increased especially with red meat intake. [41] Other short-and medium-chained AC in urines were also reported as possible biomarkers of other foods. For instance, the changes in their excretion levels are characteristic of whole grain rich diets. It is interesting to note that different studies focusing on whole grain diets have shown either an increase [42] or a decrease [14] in urinary AC concentrations. If the increase suggests the role of AC as potential biomarkers of specific whole rye intake, [42] the decrease in urinary AC is considered to point to changes in lipid metabolism. [14] The authors consider that a whole grain rich diet is associated with a decrease in circulating LDL cholesterol and thus may result in lower urinary excretion of carnitine and AC.
Additionally, an increase in urinary excretion of mediumchained AC was observed during fasting. [43, 44] Namely, hydroxybutyrylcarnitine is associated with fasting and ketogenesis. [44] The authors concluded that, during fasting, metabolism alterations occur due to a shift from glucose utilization to fatty acid β-oxidation for energy production. In our study, subjects were overnight fasted and ingested a single test meal exclusively composed of bovine meat in the morning. Under fasting or low carbohydrate intake, food proteins are the source of gluconeogenesis substrates and dietary amino acids can be converted into energy and glucose metabolism. Fromentin et al. [45] showed that endogenous glucose production was constant during 5 h after lipid-protein meal (eggs) ingestion and then decreased and was minimal at 8 h. The plasma glucose level also decreased 6 h after meal intake. Thus, the sample point "8 h after meat ingestion," for which we observe the higher excretion levels of AC, corresponds to the state when endogenous glucose production is low and there may be a possible increase in energy production via β-oxidation. The absence of 15 N labelling in 3-hydroxybutyrylcarnitine is thus consistent with the probable endogenous origin of this metabolite. In contrast, the 15 N labelling of acetylcarnitine confirms that its origin is the meat meal, as it is synthetized from lysine, an amino acid that does not transaminate.
1-Methylhistidine
1-Methylhistidine is a compound derived from the histidine metabolic pathway related to skeletal muscle protein breakdown in mammals. 1-MH excreted in human urine is mainly of dietary origin, and is absorbed in the form of a dipeptide anserine (β-alanyl-1-methylhistidine), large amounts of which are found in meat (white meat in particular) and in some fish. [46] Digested anserine is hydrolyzed by plasma and/or tissue carnosinase [47] to β-alanine and 1-MH. Note that some confusion exist in the literature and this metabolite has also been named 3-MH in some studies [23, 46] due to different practices in numbering the atoms of histidine (N π atom in the imidazole ring of histidine is numbered three in some studies or one in other studies including ours).
Its excretion has been accepted as a marker of beef and/or chicken in the diet with a linear relationship between the quantity of ingested meat and the 1-MH levels in urine. [48] The excretion rate of 1-MH increases rapidly and reaches its maximum 7 h after chicken and tuna intake [49] and the 24 h urine collection may present a 400% increase in 1-MH concentration as compared to the basal level depending on the type of consumed meat. [23, 47, 48, 50] The consumption of other animal products, such as milk or eggs, does not influence its excretion. The amount of 1-MH is variable depending the type of red meat; it is low in pork but higher in beef. [46, 48] Cheung and coauthors [23] have recently reported a strong effect of chicken intake on 1-MH excretion in urine, whereas the intake of red meat was modest but significant. Moreover, the authors observed a small increase in plasma 1-MH concentration after red and processed meat intake. This is thus consistent with our result showing an increase of 1-MH in urinary excretion after acute intake of bovine meat. This marker would have certainly been excreted in a higher extend if subjects have consumed chicken.
Phenylacetylglutamine
Phenylacetylglutamine (PAG) is formed in human liver by the transfer of phenylacetyl from phenylacetyl-CoA to glutamine by glutamine N-phenylacetyltransferase, which is related to oxidation of phenyl-containing fatty acids. Moreover, gut microbiota is also involved in the anaerobic formation of PAG as a product of protein putrefaction in the colon, where phenylacetate is produced from phenylalanine and later conjugated with glutamine in the liver and the gut mucosa. [51] PAG is a common metabolite in human urine and represents a minor pathway of N-excretion, [52] however, PAG becomes a major urinary nitrogenous metabolite in the case of uremia. [53] www.advancedsciencenews.com www.mnf-journal.com As a consequence, urinary PAG concentration is proposed to be used as a biomarker of different renal disorders including phenylketonuria, interstitial cystitis, and urea cycle disorders. [54, 55] The urinary concentrations of PAG in healthy people show an important intra individual variability, with pronounced differences depending on sex and age [23, 56] and may be influenced by medications or contaminants and/or ingestion of foods rich in phenylalanine. Phenylalanine is highly concentrated in wheat grain and high protein foods, such as meat or cottage cheese. This is consistent with our observation of a concomitant elevation of PAG after meat intake and 15 N labelling in this compound, although the labelling can partly come from N recycling through glutamine.
To date, the role of PAG excretion in response to a meatcontaining diet is not unanimous. For instance, in the case of complex diet in free-living individuals, Heinzmann and coauthors [22] observed a strong correlation between urinary PAG concentration and other metabolites related to protein consumption (taurine, creatinine, TMAO). In ruminants, a positive correlation between PAG urinary excretion and nitrogen intake was also reported. [57] However, O'Sullivan and co-authors, [41] observed a decrease in PAG concentration in urines of people consuming a diet high in red meat. Urinary PAG levels also increased with a higher intake of vegetables. [41] As plant-food sources contain important amounts of phenylacetic acid, it may explain the positive association between vegetables and PAG excretion.
Some metabolomic data have shown an effect of high protein diets for the production of phenylacetic acid from gut microbiota, in the distal colon. [58] In our previous study, we reported a 4% higher ileal bovine meat protein digestibility for RM than for FCM, a result that was confirmed in animals. [12] In consequence, the quantity of meat protein reaching the colon is slightly higher with FCM than with RM. Phenylacetate production from phenylalanine by the colon microbiota should therefore increase with FCM. However, we could not discriminate between the two groups, RM or FCM, probably because PAG largely originates from liver. This shows that a 4% difference of protein digestibility, leading to less than 1 g of additional protein reaching the colon, is not sufficient to trigger different metabolic profiles at the urinary level, at least using this approach. We also expected to detect differences in p-cresol that is produced from protein fermentation and excreted in urine [59] but once more, the difference between the groups regarding protein substrate for microbiota was too weak. As recently mentioned, there are only scarce data on linking microbiota fermentation to metabolic markers in humans. [60] 
Limitations of the Study
The primary goal of the study was to compare two cooking processes for which we had found differences in protein ileal digestibility but no urinary biomarkers could be found. In contrast, we identified biomarkers of meat consumption. One of the major limits is that the controlled condition was fasting instead of a controlled meal without any meat. Urines were taken in the morning and could contain biomarkers of the diet from the previous day. Nevertheless, the detection of 15 N labelling in some of those biomarkers shows their reliability as biomarkers of the test meal, either intact compounds or derived metabolites. Our results should also be confirmed in a controlled long-term study, as well as in free-living individuals to determine whether the excretion of these compounds can categorize individuals according to their usual meat intake.
Conclusion
The present study is, to our knowledge, the first to explore LC-MS/MS metabolomics in human urine in response to the acute ingestion of 15 N labelled beef meat that was either moderately or intensively cooked.
We identified several metabolites that were excreted to a larger extent after meat intake, namely, 1-methylhistidine, phenylacetylglutamine, acetylcarnitine, and three medium-chain acylcarnitines. The 15 N labelling detected in three of them certified their meat origin. However, no differences of metabolic signature in the urines could be observed between cooking processes. This shows that mild differences of protein digestibility cannot be detected at the urinary level with the approaches used here. A further analysis at the plasma level could be useful to determine markers that are representative of the cooking process.
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